HermanskyePudlak syndrome (HPS) is an autosomal recessive disorder characterized by oculocutaneous albinism, bleeding tendency, and lysosomal accumulation of ceroid-like material, with occasional development of interstitial pneumonia (IP). Nine genetically distinct subtypes of HPS are known in humans; IP develops primarily in types 1 and 4. Most reported cases of HPS with IP are type 1, and there are no published reports of type 4 in Japanese individuals. A 58-year-old man with congenital oculocutaneous albinism and progressive dyspnea for 1 month was admitted to our hospital. We administered high-dose corticosteroids on the basis of a diagnosis of acute exacerbation of interstitial pneumonia. Respiratory symptoms and the findings of high-resolution computed tomography (CT) showed improvement. He was diagnosed with HPS type 4 with interstitial pneumonia on the basis of gene analysis. He has been receiving pirfenidone for 1 year and his condition is stable. This is the first report on the use of pirfenidone for HPS with IP caused by a novel mutation in the HPS4 gene. We conclude that HPS should be suspected in patients with albinism and interstitial pneumonia. High-dose corticosteroid treatment may be useful in cases of acute exacerbation of interstitial pneumonia due to HPS-4, and pirfenidone may be useful and well tolerated in patients with HPS-4.
Introduction
HermanskyePudlak syndrome (HPS) is a genetic multisystem disorder characterized by oculocutaneous albinism, a bleeding tendency secondary to platelet dysfunction, and lysosomal ceroid accumulation. 1 Ceroid, which accumulates sporadically and slowly in the lungs, is not crucial for a diagnosis of HPS, but primarily accounts for the significant associated morbidity. Pulmonary fibrosis, usually manifesting in the third and fourth decades of life, accounts for premature death in 50% of HPS patients, which generally occurs by the fifth decade. 2, 3 Nine different genes cause HPS in humans. 4, 5 Among them, the HPS-1 gene shows the highest frequency of mutation. HPS-1 mutation represents the classical disease, which manifests with all the typical complications of HPS. HPS-4 disease is considered to resemble HPS-1, but only a few case of HPS-4 have been reported. 9 HPS-1 and HPS-4 individuals show the greatest degree of pulmonary involvement, with an estimated 80% of HPS-1 subtypes afflicted. 6, 10 Here, we report a case of HPS presenting with interstitial pneumonia and exhibiting a novel HPS-4 gene mutation.
Case report
A 58-year-old man was admitted to our hospital because of progressive dyspnea. He had experienced shortness of breath for years, but had been well until 4 weeks earlier. He showed congenital albinism, amblyopia, and photodermatosis, but had received no previous medication for the condition. He was a massager, drank distilled spirits about 250 ml/day, and had smoked occasionally. The patient's family history revealed that his parents were cousins. There is no history of albinism in his family, but his father died of pulmonary disease at approximately 50 years.
On admission, body temperature was normal range, pulse rate was 95 beats per minute, blood pressure was 110/60 mmHg, respiratory rate was 25 w 30 breaths per minute, and oxygen saturation was 82% in ambient air, increasing to 95% with oxygen supplementation (3 l) by nasal cannula. Physical examination on admission revealed blond hair, blond body hair, pale white skin, and erythema on the upper and lower extremities and neck (Fig. 1) . The patient had amblyopia, strabismus, and horizontal nystagmus. Fine crackles in the bilateral lower lung fields were detected, but heart sounds were normal. He had neither clubbed finger nor edema. The results of abdominal and neurological examinations were normal.
Laboratory results on admission are shown in Table 1 . Although the patient was anemic, white blood cell and platelet counts were normal, and congealing fibrinogenolysis was also normal. Blood chemistry showed elevation of lactate dehydrogenase (LDH), sialylated carbohydrate antigen (KL-6) levels. Chest radiography showed bilateral volume loss, and the lower lobes showed dominantly diffuse linear and reticular opacity with ground-glass opacity in both lung fields. Chest CT showed bilateral diffuse ground-glass opacity associated with mild traction bronchiectasis and reticulation which was consistent with acute exacerbation on chronic fibrosing interstitial pneumonia (Figs. 2 and 3). A transthoracic echocardiogram showed mild right ventricular hypokinesis, but left ventricular function was normal. There were no clinical signs of pulmonary infection.
We diagnosed acute exacerbation of interstitial pneumonia, and treated with high-dose corticosteroid (methylprednisolone, 1000 mg/day for three days followed by oral prednisone at a dose of 40 mg/day). His clinical symptoms and findings on high-resolution CT slowly improved; therefore, additional corticosteroid pulse therapy and pirfenidone were administered for fibrosing interstitial pneumonia. Subsequently, his breathing condition, clinical marker levels, and chest imaging results stabilized, but he needed longterm oxygen therapy.
Because the patient had interstitial pneumonia with albinism, we investigated the possibility of HPS. Therefore, bone marrow biopsy, platelet aggregation test, and genetic diagnosis were performed to diagnose HPS. A platelet aggregation test revealed a lack of secondary wave aggregation with normal first aggregation of ADP (Table 1) . Bone marrow biopsy showed that macrophages contained a ceroid-like material (Fig. 4) . We performed mutation analysis of HPS-1 (GenBank accession no. NM_000195.3) and HPS-4 (GenBank accession no. NM_022081.4) gene (Supplementary File). We identified a novel mutation, c.1858C > T (p.Q620X), in HPS4 homozygously in the patient and heterozygously in his mother, his sister and his daughter (Fig. 5) . The diagnosis of HPS-4 was confirmed by this gene analysis.
The corticosteroid dose was gradually tapered and then discontinued as the patient's condition became stable. Pirfenidone dosage was increased gradually without harmful adverse effects. Although chest CT performed after one year of treatment demonstrated progression of bilateral diffuse ground-glass opacity with mild traction bronchiectasis (Fig. 3) , response to therapy was considered "stable" according to the ATS/ERS criteria by using pulmonary functional indices (Table 2) . 
Discussion
We present a rare case of HPS-4 with interstitial pneumonia. High-dose corticosteroid treatment was effective for acute exacerbation of IP and pirfenidone has been used for 1 year. HPS is a rare autosomal recessive disorder. It is characterized by oculocutaneous albinism, platelet dysfunction, and accumulation of ceroid-like materials and is associated with interstitial pneumonia. HPS is common only in northwest Puerto Rico. However, it is extremely rare in other regions, occurring with a prevalence of 1 in 500,000e1,000,000 persons. 12 Among these cases, nearly all patients show HPS-1, and HPS-4 is extremely rare, so HPS-4 has never been reported in Japan.
The pathogenesis of HPS has been currently investigated, but many parts remain unexplained. The discovery of the HPS-4 subtype in 2002 was followed by examination of the HPS-4 mouse mutant. 8 Bachli et al. have reported the only case of HPS-4 with IP. 9 According to previous reports, the phenotype of HPS-4 is similar to that of HPS-1, and the mean age of onset of pulmonary symptoms in patients with mutations in the HPS1 gene is about 30e40 years. 18 In our case, onset was relatively late and severity of fibrosis was moderate. Anderson et al. reported clinical features of 7 patients with documented HPS-4 mutations, ranging in age from 3 to 61 years. 6 Three of the 7 patients had restrictive lung disease; one had severe pulmonary fibrosis and died of lung disease. According to Avila et al., patients with mutations in the HPS-1 gene had more severe lung disease than patients without HPS-1 gene mutations. 3 The clinical course of HPS-4 may be slightly different from that of HPS-1 based on the previous reports and ours. Regarding the treatment of interstitial pneumonia associated with HPS, corticosteroids or other immunosuppressive drugs generally have not been effective, 18 but there have been no trials examining the efficacy of steroid treatment. In our case, respiratory status and findings on CT scans clearly improved in the first 2 . Sequence analysis of exon 13 in HPS4 gene using genomic DNA samples from the patient and his mother reveals the novel mutation, c.1858C > T (p.Q620X), homozygously in the patient and heterozygously in his mother. The mutation was also detected in his sister and his daughter (data not shown).
weeks. We believe that high-dose steroid therapy contributed to the patient's improvement after the initial deterioration of IP. Highdose steroid therapy should be considered as a treatment option in these situations, because there is no alternative effective therapy during an acute exacerbation of IP. Subsequently, we added pirfenidone and gradually reduced the corticosteroid dose. Gahl et al. reported that pirfenidone may slow the progression of pulmonary fibrosis due to HPS-1. 19 On the other hand, recently, a small number of randomized controlled trials has been published that did not show slowing of decline in pulmonary function in small numbers. 20 Thus, the utility of pirfenidone for HPS with IP remains controversial. Nevertheless, to our knowledge, ours is the first case in which pirfenidone was used for genetically proven HPS-4. Further study is needed whether pirfenidone may be effective in interstitial pneumonia associated with HPS. Finally, the only definitive treatment for pulmonary fibrosis related to HPS-1 is lung transplantation, 21 but this was not an option in our case due to the patient's age. When encountering a patient with oculocutaneous albinism with interstitial pneumonia, HPS should be considered. Although lung biopsy could not be performed in our patient because of respiratory insufficiency, it is a preferred diagnostic technique to reveal characteristic macrophages containing ceroid pigments and foamy swelling of pneumocytes. Further investigation of genetic analysis and enrollment of these cases is indispensable for appropriate treatment strategies.
In conclusion, our findings suggest that HPS should be suspected in patients with albinism and interstitial pneumonia. High-dose corticosteroid may be useful in cases of acute exacerbation of interstitial pneumonia due to HPS-4, and pirfenidone might be effective in treatment for progressive HPS-4 pulmonary fibrosis. 
